Background
Drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and systemic symptoms (DIHS/DRESS) is a severe drug-induced adverse reaction that in most cases occurs 3 to 6 weeks after drug administration [1] [2] [3] [4] . The diagnosis can be confirmed if 5 out of the following 6 criteria are fulfilled: 1. maculopapular rash developing >3 weeks after starting the triggering drug; 2. fever >38°C; 3. lymphadenopathy; 4. leucocytosis (>10×10 9 /L), atypical lymphocytosis, and eosinophilia; 5. hepatitis (ALT >100 U/L); and 6. HHV-6 reactivation [1] .
Because of the complexity and variability of DIHS/DRESS, another diagnostic scoring system has been proposed by the RegiSCAR study group [3, 5] . Numerous systemic complications may occur, including pneumonitis, pancreatitis, renal failure, encephalitis, thyroid disease, spleen rupture, eosinophilic colitis or esophagitis, coronary artery thrombosis, and myocarditis [1, 2, 4] . A mortality rate of 10-20% has been reported [1, 2, 4] . The most common drugs associated with DIHS/DRESS are: antiepileptic drugs (carbamazepine, phenytoin, phenobarbital, lamotrigine, levetiracetam), sulfonamide or its derivates (sulfamethoxazole, sulfadiazine, sulfasalazine, dapsone), allopurinol, minocycline, mexiletine, nevirapine, abacavir, and others [1] [2] [3] [4] .
The DIHS/DRESS has several important clinical features that cannot be explained only by drug antigen-driven oligoclonal T cell expansion. These include paradoxical worsening of clinical symptoms, frequent flare-ups and a stepwise development of multi-organ failures when the causative drugs are withdrawn. The pathophysiology of DIHS/DRESS resembles that of graft versus host diseases (GvHD) and immune reconstitution syndrome (IRS) [1] . Herpesviruses, including herpesvirus-6 (HHV-6), herpesvirus-7 (HHV-7), Epstein Barr virus (EBV) and cytomegalovirus (CMV), can be reactivated during DIHS/DRESS in the same sequential manner as in GvHD [6] [7] [8] [9] [10] [11] . Autoimmune diseases may occur months/years after clinical resolution of DIHS/DRESS. For example, diabetes type I, autoimmune thyroiditis, systemic sclerosis, and systemic lupus erythematosus (SLE) have been described [4, 12] .
The standard treatment of DIHS/DRESS is with moderate-or high-dose corticosteroids [1] [2] [3] . Nevertheless, treatment of severe DIHS/DRESS is not well defined. Indeed, sometimes corticosteroid treatment is not effective, and tapering the dose may be associated with disease flaring. Adjunctive treatment with acetylcysteine [13, 14] , intravenous immunoglobulins [1, 2] , plasmapheresis [1] , and cyclosporine [3] have been tried with varying results. We report on a woman with sulfasalazine-induced DIHS/DRESS treated using an unprecedented combination of N-acetylcysteine, prednisone, and valganciclovir.
case report
A 38-year-old woman was admitted to hospital on September 2010 because of high fever and a generalized erythematous rash. She complained of fever with myalgias over the previous week. She had taken a course of acetaminophen 500 mg 3 times daily (a total of 19 tablets). She was of North African origin (Morocco) and living in Italy. She had 4 children, of whom 1 suffered from diabetes type I since the age of 2 years.
Ten years earlier she was diagnosed with vitiligo. Six years earlier she underwent a thyroidectomy for unknown reason and since then had been on L-thyroxine 125 µg daily. Four weeks prior to this admission she was prescribed sulfasalazine 500 mg TDS because of arthralgias. On the morning of the hospital admission she had discontinued sulfasalazine on her own. The month prior to hospital admission the patient was fasting for cultural reasons (Muslim Ramadan). On physical examination she had a fever 40°C, a non-itchy generalized erythematous rash and mild facial edema. She was agitated and she complained of diffuse malaise, asthenia and abdominal pain. There were signs of dehydration, and body weight loss of 3 kg over 1 month. Her blood pressure and cardiovascular examination were normal. Bilateral cervical lymphadenopathy was found. Acetaminophen blood level 10 hours after the last drug assumption was 3 µg/mL. She was admitted in the Infectious Diseases Department because viral hepatitis was suspected.
The prolonged fasting for Ramadan was considered a risk factor for acetaminophen hepatotoxicity at therapeutic doses [15] . Therefore intravenous N-acetylcysteine was immediately administered (10 g the first 2 hours, followed by 2.5 g every 6 hours for the next 3 days), followed by temporary hypotension (from 130/75 to 80/50 mmHg). Amoxiclavulanate 2 g TDS was given for treatment of the lung consolidation (as above). On day +2 of admission, significant improvement was observed, with resolution of malaise, abdominal pain and erythematous rash. Liver function test results were markedly reduced ( Figure 1 ).
Nevertheless, she continued to have persistent fever, elevated LDH (Figure 1 ), enlarging lymphadenopathies, liver and spleen, lymphocytosis (from 0.7 to 8.95×10 (Figure 1 ), which was strongly suggestive of sulfasalazine-related DIHS/DRESS syndrome. She has started taking this drug 4 weeks previously. On day +7, treatment with 75 mg prednisone daily was commenced and amoxi-clavulanate was discontinued. Fever disappeared and 2 days later the patient was discharged. She was advised to avoid taking sulfasalazine and other sulphonamides, including sulfamethoxazole.
Microbiological analysis for HAV-IgM, HB s -Ag, HBV-DNA, HCV-Ab, Legionella-Ag and Streptococcus pneumoniae-Ag in urine were all negative. HAV-IgG, HB s -Ab, and HB c -Ab were detected. HLA study showed HLA-B*18*53. Herpesvirus screening was performed and tested positive for CMV-EBV-, and HHV-6-IgG (1:40); however, she tested negative for CMV-, EBV-, and HHV-6-DNA (day +8). HHV-6-DNA was detected in blood and serum samples on day +12 from admission time. After 3 weeks the HHV-6-IgG titer was increased from 1:40 to 1:320. Further search for CMV or EBV reactivation remained negative. On day +15 valganciclovir 900 mg twice daily was also introduced. Four days later, because of general malaise, the
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Med Sci Monit, 2012; 18 (7): CS57-62 dose was halved to 450 mg twice daily. After 3 months of treatment, first prednisone and then valganciclovir were discontinued. The patient's clinical status was unremarkable and all laboratory values were within normal range. Eighteen months following her illness she continues to do well.
discussion

Sulfasalazine metabolism
Usually sulfasalazine is split in the colon by bacterial azo-reduction into 5-ASA and sulfapyridine [16] . Sulfapyridine is almost completely absorbed in the colon and metabolized by hydroxylation, glucuronidation, and acetylation [16] . Various oxidizing cytochrome P450 (CYP) enzymes, including CYP2C9, CYP2E1, and CYP3A4, can oxidize aryl amines to reactive metabolites [17] and sulfapyridine will be converted into the unstable sulfapyridine hydroxylamine intermediate, which auto-oxidizes to nitroso-sulfapyridine [18] .
Induction of a T cell response to the drug protein adducts
The results of the patch tests and lymphocyte transformation tests indicate that drug-specific T cells are the driving force behind DIHS/DRESS [1] . Sulfamethoxazole (SMX) is commonly used to investigate the chemical and cellular basis of drug hypersensitivity [18] . The SMX metabolite nitroso-SMX binds covalently to cysteine residues on cellular protein; this binding above a certain threshold may cause direct toxicity and provides an antigenic signal to nitroso-SMX specific T cells [18] .
Dendritic cells, as antigen-presenting cells, play an important role in immunity, differentiating between tolerogenic and immunogenic responses [19] . Dendritic cell maturation and costimulatory signals are required for T cell immunogenicity together with the antigen. There are a series of exogenous and endogenous signals that mature dendritic cells, leading to expression of costimulatory molecules. Exogenous signals include conserved microbial products that interact with pathogen-recognition receptors, such as toll-like receptors (TLRs). This may be of relevance to the increased risk of drug hypersensitivity reactions associated with viral infections such as EBV, human herpes 6, and HIV. Endogenous signals derive from necrotic cell death, apoptotic cell death or oxidative stress [19] .
In an experiment, antigen-presenting cells were incubated with SMX in the presence of bacterial endotoxins, flu viral proteins, cytokines, inflammatory molecules, oxidants, and hyperthermia [19] . Such conditions, also referred to as "danger" conditions, significantly increased the formation of SMX-protein adducts. Soluble antioxidants were shown to prevent SMX-hydroxyamine auto-oxidation and to reduce nitroso-SMX back to SMX-hydroxylamine, limiting nitroso-SMX protein binding and T cell stimulatory capacity of nitroso-SMX protein adducts. Therefore it was suggested that acute and chronic infections treated with SMX require antioxidant supplementation [19] . 
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Another experiment demonstrated that nitroso-SMX increases dendritic cell costimulatory signalling via CD40 [18] . Activation of antigen-presenting cells through CD40 signalling is known to precipitate animal models of autoimmune diseases [18] . Several autoimmune diseases have been reported to occur at intervals of months to years after clinical resolution of DIHS/DRESS (see below). It was also demonstrated that CD4 + CD25 + Foxp3 + regulatory T (Treg) cells are expanded at the acute stage of DIHS/DRESS [12] . This expansion may reflect an attempt to limit collateral tissue damage induced by activation of effector T cells while allowing latent herpesviruses to reactivate [12] . Otherwise human herpesvirus binding TLR2 on regulatory T cells could induce their proliferation [20] . Peripheral Treg cells are also induced by reactive oxygen species [21] .
Crossreactivity within drug classes
Nitroso-SMX responsive T cell clones from patients with SMX hypersensitivity reaction displayed in vitro reactivity toward nitroso metabolites of sulfadiazine and sulfapyridine. T cell receptor cross-reactivity with nitroso sulfonamides displaying different side chains was thus demonstrated, and shows the clear potential for hypersensitivity reaction to develop different drug structures within the same chemical class through metabolite formation and targeting of identical binding sites on protein [22] . The above described patient was therefore advised to avoid the entire class of sulfonamides and its derivates.
Reactivation of human herpesvirus 6 (HHV-6) and other herpesviruses
In 1997 a rise of HHV-6 antibody titre was described for the first time in a patient with DIHS/DRESS and a fulminant hemophagocytic syndrome [6] . In addition, increased HHV-6 DNA in the serum was detected by quantitative PCR and by in situ hybridization in the skin of patients with DIHS/DRESS [7, 8] . It was also shown that other herpesviruses, HHV-7, EBV, and CMV, could reactivate in a severe drug-induced multiorgan reaction in the same sequential order as in GvHD [9, 10] . HHV-6 reactivation was found in 62 of 100 patients with DIHS/DRESS and was associated with flaring and severity of the syndrome. HHV-6 DNA was detected in patients' serum from day 10 to day 27 after clinical onset, but not earlier [11] .
The pathophysiological role of herpesvirus reactivation in DIHS/DRESS is not clear. First, we do not know if during asymptomatic HHV-6 infection the virus does not replicate, if it replicates at a low level, or reactivates temporarily in localized compartments like the salivary gland or lymphatic tissue. In 1 patient with GvHD, HHV-6 reactivation in saliva was observed 10 days before onset of rash, and salivary HHV-6 DNA became negative during the rash, followed by detection of HHV-6 DNA in the blood [23] . An ongoing virus replication or virus reactivation could add to the "danger" conditions that lead to dendritic cell maturation and expression of costimulatory molecules, thus favoring the immunogenicity of the drug protein adducts (see above). This would increase the rate of allergic drug reactions, as seen in infectious mononucleosis and HIV infection. Second, hypo-immunoglobulinemia, and low B cell and CD56 cell counts observed in the initial phase of some patients with DIHS/DREES may reflect immune depression caused by drug administration [24] and/or may be a consequence of excessive regulatory T cell expansion (see below). Drug-discontinuation may reconstitute immunity, and the paradoxical worsening of symptoms after drug discontinuation could be interpreted as immune reconstitution syndrome (IRS) [25] . Third, T cell activation and proliferation (induced by the drug metabolite protein adducts) may reactivate HHV-6 and other herpesviruses, which may be responsible for late organ complications such as nephritis, encephalitis, pneumonitis, myocarditis. Corticosteroid treatment may favor herpesvirus reactivation, and the clinical flare-ups observed when the corticosteroid dose is tapered too fast may reflect an IRS. Currently, anti-cytomegalovirus drugs such as valganciclovir, cidofovir, and foscarnet are used to treat HHV-6 infections because in vitro studies show that they also have activity against HHV-6 [26] .
DIHS/DRESS, T regulatory cell expansion, hypogammaglobulinemia, reactivation of latent herpesviruses, and autoimmune disease
Several autoimmune diseases (type I diabetes mellitus, thyroiditis, systemic sclerosis-like manifestations, and SLE) have been reported to occur at intervals of several months to years after clinical resolution of DIHS/DRESS [4, 12] . A dramatic expansion of T regulatory (Treg) cells has recently been found in the acute stage of DIHS/DRESS [4, 12] . Treg cells are CD4
+ T cells specialized in suppressing the activation of the immune system and thereby maintaining immune system homeostasis and tolerance to self antigens. The suppressive capacity of Treg cells became defective after clinical resolution of DIHS/DRESS [12] . One possible explanation for Treg dysfunction is that Treg cells might be exhausted owing to repeated and excessive activation of effector T cells by drug protein adducts and/or reactivated herpesviruses. The functional defect of Treg cells could be responsible for the development of autoimmune disease that can occur months to years after the resolution of DIHS/DRESS [4, 12] . Also human herpesvirus binding TLR2 present on Treg cells has been shown to temporarily abrogate their suppressive phenotype [20] . Foxp3 expression, a key regulator of regulatory T cell function, was found to decrease following TLR2 stimulation of Treg cells [20] .
Unfortunately we missed the opportunity to measure the quote of the CD4
+ T cells among the excessively increased CD4 T cells of the described patient (Figure 1) . The patient's increased number of CD4 compared to CD8 T cells and her mild skin lesions might reflect the excessive expansion of Treg cells, since Treg cells are thought to alleviate the skin lesion severity of DIHS/DRESS [12] . However, excessive Treg cells are thought to allow latent herpesviruses to reactivate in an uncontrolled fashion [4, 12] . Hypogammaglobulinemia observed at the onset of DIHS/DRESS may be related to the expansion of Treg cells, because Treg cells have been shown to be capable of inducing B cell death [12] .
Why is repeated administration of acetaminophen and food restriction considered to be risk factors for DRESS syndrome?
Acetaminophen-induced toxicity is a clinically important model of drug-induced liver injury. Increased formation
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Med Sci Monit, 2012; 18 (7): CS57-62 of the reactive intermediate metabolite N-acetyl-p-benzoquinone-imine (NAPQI) and depletion of cellular glutathione have been proposed as the major reasons for the hepatotoxicity of acetaminophen overdose [27] . In rare circumstances, even "therapeutic" doses of acetaminophen can lead to hepatotoxicity [15] . CYP2E1, among other CYP enzymes, was found to be the main activator of acetaminophen to NAPQI [27] . In rats the repeated administration of subtoxic doses of acetaminophen has been shown to induce hepatic CYP enzymes (CYP2E1, CYP3A, CYP1A) [28] .
CYP2E1 is capable of carrying out the oxidation of acetone, a product of fatty acid oxidation, in a pathway that leads to the production of glucose, termed the propane diol pathway of gluconeogenesis [27] . This explains the marked induction of CYP2E1 seen in fasted rats, because fasting results in an increase in acetone. Acetone has been shown to be an inducer of CYP2E1 by substrate stabilization of the enzyme [27] .
CYP2E1 induction by repeated administration of acetaminophen and by acetone resulting from food restriction may have: 1. increased oxidative stress due to increased NAPQI formation; 2. increased oxidation of sulfapyridine to its hydroxylamine metabolite, and 3. depleted cellular glutathione stores and thus decreased the capacity to neutralize the reactive metabolites and thus favoring their covalent binding to cellular proteins ( Figure 2 ).
N-acetylcysteine
Acetaminophen poisoning, either intentional or unintentional, has become the most common cause of acute liver failure. When given within the first 24 hours after ingestion, N-acetylcysteine can effectively prevent or minimize liver damage caused by acetaminophen, even after massive overdoses [29] . Additionally, it has been shown that intravenous N-acetylcysteine improves transplant-free survival in early stage of non-acetaminophen acute liver failure [29] [30] [31] . N-acetylcysteine, a synthetic precursor of glutathione, is used to treat patients with acetaminophen overdose for up to 48 hours after ingestion. It is well established that early treatment with N-acetylcysteine can improve the scavenging of the reactive metabolite N-acetyl-p-benzoquinone imine. Recent studies in mice showed that delayed treatment with high N-acetylcysteine doses can protect against acetaminophen overdose by 2 further mechanisms -by scavenging of reactive oxygen and peroxynitrite due to cysteine supply for glutathione synthesis, and by providing excess amino acids (amino acids not used for glutathione synthesis) as substrates for the Krebs cycle, supporting the mitochondrial energy metabolism [32] . Furthermore, in animal studies N-acetylcysteine attenuates cerebral complications of non-acetaminophen-induced acute liver failure [33] , and has nephroprotective properties in cyclosporine-, cisplatin-, and isophosphamide-induced nephrotoxicity, and in ischemia/reperfusion kidney injury [34] .
The defective detoxification of reactive intermediates of the drugs metabolized by CYP450 has been considered the triggering factor of the DRESS syndrome since its first description [35] . It had been shown that SMX-hydroxylamine and not SMX caused dose-dependent toxicity to lymphocytes of normal volunteers in vitro, and that toxicity was decreased by co-incubating the lymphocytes with N-acetylcysteine [36] . In another experiment, SMX-hydroxylamine produced concentration-dependent toxicity in HIV-infected T-lymphoblaststoxicity that was significantly greater than the toxicity seen among non-infected T-lymphoblasts. HIV-infected cells had significantly lower glutathione concentration than noninfected cells. Incubation with SMX-hydroxylamine produced a concentration-dependent decline in glutathione content in both infected and non-infected T-lymphoblasts. Co-incubation with glutathione or N-acetylcysteine reduced the toxicity of SMX-hydroxylamine in HIV-infected cells [37] . In anecdotal case reports of sulphasalazine-related life-threatening adverse effects, N-acetylcysteine had been used and was suggested to be beneficial [38] . In other cases of DIHS/DRESS its beneficial effect was not confirmed [39] . 
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not gained wide acceptance, and N-acetylcysteine is not mentioned in reviews on treatment of this syndrome [1] [2] [3] . Its use has recently been suggested in combination with intravenous immunoglobulin administration [40] .
conclusions
To the best of our knowledge no treatment of DIHS/DRESS with the combination of N-acetylcysteine, corticosteroid and valganciclovir has been previously reported. We do not know if the favorable course of the DIHS/DRESS in the reported patient was a consequence of treatment. Nevertheless, the knowledge of the sequential pathomechanisms describes above provides a rational basis for such a combined treatment. The immediate administration of N-acetylcysteine, which was associated with significant clinical improvement, might have neutralized the drug-derived reactive metabolites, which are responsible for protein adduct formation and specific T cell stimulation, and repleted the glutathione stores that counterbalance oxidative stress. The corticosteroid might have inhibited lymphoproliferation. Valganciclovir might have prevented HHV-6-associated pathology, including immune reconstitution syndrome ( Figure 2 ).
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